A systematic review was conducted on the prevalence of erectile dysfunction (ED) in the general population. Studies were retrieved which reported prevalence rates of ED in the general population. Using a specially developed criteria list, the methodological quality of these studies was assessed and data on prevalence rates were extracted. We identified 23 studies from Europe (15), USA (5), Asia (2) and Australia (1). On our 12-item criteria list, the methodological quality ranged from 5 to 12. The prevalence of ED ranged from 2% in men younger than 40 y to 86% in men 80 y and older. Comparison between prevalence data is hampered by major methodological differences between studies, particularly in the use of various questionnaires and different definitions of ED. We stress the importance of providing all necessary information when reporting on the prevalence of ED. Moreover, international studies should be conducted to establish the true prevalence of ED across countries.
Introduction
Epidemiological research on erectile dysfunction (ED) is rapidly growing and studies on the prevalence of ED in the general population have recently been published. Subsequently, several unsystematic reviews have summarised selections from these studies. 1 -5 Although most of these reviews conclude that the prevalence of ED differs between studies, the interpretation of these reviews is hampered by several problems. First, the methods used for the selection of articles are not presented in any of the reviews, second, no comment is made on the validity of the separate studies, and third, little attention is given to the definitions of ED used. These shortcomings are consistent with those found in epidemiological reviews in other research yields. 6 To elucidate on the prevalence of ED in the general population, a systematic review study was conducted in which particular attention was paid to the methodological quality and value of the individual studies. For this purpose, a criteria list for the validity assessment of prevalence studies was developed.
Materials and methods

Search strategy
In December 2001, a search was made from 1966 to December 2001 in the Medline and Psychinfo database using the following keywords: [impotence OR erectile dysfunction OR sexual dysfunction] AND [general population OR community-based OR population-based OR epidemiology]. All items were searched using 'All fields'. Literature search was limited to the English and Dutch languages.
Titles and abstracts of identified published articles were reviewed independently (by JP and MHB) to determine the relevance of the articles. Each citation was classified as 'inclusion', 'unsure' or 'exclusion'. In case of disagreement between the two reviewers, consensus was reached to solve the disagreement. After this, excluded citations were no longer considered. Reference lists of included articles were checked to identify additional studies not found in the Medline nor in the psych-info database.
Selection of studies
Included studies were assessed in detail (by JP and MHB) to make a final selection of studies for the review. Eligible were studies with a cross-sectional study design or cohort studies that included men drawn from the general population and reported original data on prevalence rates of erectile dysfunction. Papers consisting of abstracts only were omitted.
Methodological quality assessment
In the judgement of methodological quality two aspects of validity are important: external validity relates to the applicability of study results to other populations, whereas internal validity implies accurate measurement apart from random error. As no criteria list for the quality assessment of prevalence studies was available, a list was designed (see Table  1 ), which includes six items on internal validity, six items on external validity and three items on informativity. The latter items are not included in the methodological quality assessment but give an indication of the presentation of the reports. All items were scored positive or negative independently (by JP and MHB) and their importance was not weighed. For feasibility reasons, the quality assessment was not performed under masked conditions. In case of disagreement, consensus was reached.
Data extraction
Using standardized forms, two reviewers (JP and MHB) independently extracted information and data from the individual studies. When no or insufficient information was provided in the article, we searched the Medline database for other papers on the same study to obtain additional information, using authors names or specific study groups. For feasibility reasons, no attempts were made to directly contact authors of published papers.
Comparison of studies
The methodology of the individual studies was compared to establish whether comparison of the reported prevalence rates would be appropriate and meaningful. 
Results
Selection of studies
The primary search yielded 581 citations, of which 63 were selected for full review, including 11 unsure citations for which no abstract was available. A check of the reference list of these papers yielded 39 additional citations, of which 30 were selected for full review. Thus, 93 citations were reviewed for eligibility. Of these, 47 papers were omitted for the following reasons: lack of original data (n ¼ 25, of which 13 were review articles), study population not derived from general population (n ¼ 8), paper consisted of abstract only (n ¼ 2), paper contained no information on ED (n ¼ 8), no additional information (n ¼ 1), not available (n ¼ 3). Ten papers originated from the Massachusetts Male Ageing Study (MMAS); of these, four papers were used to obtain all necessary information; the other six provided no additional information relevant for this review. One article was found with additional information about the selected studies. Finally, data from 40 papers provided information on 23 studies. 7 -46 Only two of these studies were selected by means of checking the reference lists.
Methodological quality assessment Table 2 shows the results of the quality assessment. On average, 4.5 items (range 1 -6) on external validity were scored positive, as were 4.3 (range 2 -6) on internal validity. Only two studies scored positive for all of the 12 validity criteria; 40, 41, 45 however, when considering the single question on ED, both these latter studies scored negatively on two items (h and i) of internal validity.
Description of selected study populations
A description of the populations included in the selected studies is given in Table 3 . In 11 studies, the eligibility criteria were not specified. No information on nonresponders was available in 11 studies, whereas in five studies specific information was obtained from (a sample of) the nonresponders; seven other studies compared participant characteristics to external databases, baseline population register or characteristics of baseline participants.
In another study, due to the sampling method (stratified on continence state), the study population could not be generalized to the community from which the participants were selected. 7 Table 2 Year published and quality assessment of selected studies
External validity
Internal validity Informativity Reference number Year
Items a -o refer to Table 1 . a Year published. Items on which the two reviewers disagreed; consensus reported. c Information not reproducible from original reports, data extracted from reference 31. d Score on sexual function inventory (SFI), single question not validated and no period covered by questionnaire specified (ie negative score on item h and i; sum score 4); e score on international index for erectile function (IIEF), single question not validated and no period covered by questionnaire specified (ie negative score on item h and i; sum score 4). Table 3 cont. Table 4 cont.
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Data collection in selected studies Table 4 lists the methods used to obtain data on erectile function and the definitions used for ED. In 17 studies self-administered questionnaires were used, six studies used an interview, and in five studies the methods used were not specified. Various questionnaires were used to assess ED in the population. These questionnaires contained either a single question on ED, 7 -9,14 -20,22 -24,29 -35, 40 -45 or a series of questions on ED from which a sum score was derived. 39 -41,45 In two studies, two methods were used to determine ED, ie, a single question on ED and a larger questionnaire. 40, 41, 45 In the MMAS, a calibration study was used to determine impotence from answers to imprecise questions on sexual function. 10 In the first reports on ED, a urological clinic sample was used for this purpose ('clinical method'), 10 whereas in later reports on the longitudinal data, the study sample itself was used ('MMAS Prevalence of ED J Prins et al method'). 12 These two methods resulted in different prevalence rates. 12 
Definition of erectile dysfunction
No definition of ED was specified in one report, whereas four studies defined 'impotence', and three studies defined 'erectile difficulty', 'erectile disability' or 'erection problems'. In the remaining 16 studies a definition of ED was given (see Table 4 ).
Prevalence of erectile dysfunction
Prevalence rates varied considerably (Table 4 ). All studies showed a linear increase in prevalence with advancing age. In two studies no age-specific prevalences were given. 8, 9, 26 Prevalence rates for men younger than 40 y old (reported in six studies) ranged from approximately 2 to 9%. The prevalence rate for men older than 70 y (reported in 13 studies) ranged from 10 to 71%, whereas for men older than 80 y (reported in three studies) prevalence ranged from 18 to 86%. Direct comparison of prevalence was possible for only two pairs of studies. Reported prevalences in the Olmsted County Study (OCS) 14 -16 and the Japanese survey 32 were roughly similar and showed a large increase in prevalence after the age of 70 . The reported prevalences in Leicestershire (UK) 23 were considerably higher for the older age groups (60 -69 and 70 -79 y) than those from Krimpen aan den IJssel (The Netherlands); 43, 44 in this comparison, in the Dutch study all ED severity categories were combined, because the UK study did not provide information on the separate ED severity categories.
Discussion
This is the first systematic review of the literature focussing on the prevalence of erectile dysfunction in the general population. Previously, available data in this rapidly growing epidemiological field of research were summarized nonsystematically, 1 -5,47 -54 or without a focus on the general population. 55 In particular, no information about the selection of included studies was provided, 1 -5,47 -54 and the validity of the included studies was not discussed by the authors. 1 -5,47 -55 In the current study, an overview of the available literature is given and a quality assessment of individual studies is presented, according to proposed guidelines for reporting of systematic reviews. 56, 57 Selection of studies and data extraction Only two studies were found via the reference lists, suggesting that the primary search strategy was sufficient. Studies reported in books were not included in the current review. We decided not to contact authors of the selected studies as this could introduce a bias; authors of recent studies may be easier to contact, and information may be more easily available than from older studies. Overall, we believe that information should be readily available to be used by readers of articles.
Methodological quality assessment
As no criteria list for the methodological quality assessment of prevalence studies was available, we developed such a list based on theoretical considerations and common sense (Table 1) , which can also be used for a systematic review of the prevalence of other conditions in the general population.
The distinction made between valid and invalid based on overall scores, and the use of cut-off points is arbitrary. It should be recognized, however, that some of the selected studies have a high number of negative scores (Table 2) . In itself, a study may be valid, but if the reporting is inaccurate, the comparability with other studies and its use in a systematic review will be restricted.
Besides the overall quality assessment, several remarks can be made on separate validity criteria, such as the representativeness of the study population (item d in the quality assessment). In 11 studies, the response rate was lower than 70% and insufficient data were available on the representativeness of the population. In two of these studies, the low response rate may be explained by the high effort required from the participants or the inclusion of additional measurements. 23, 31, 32 Surprisingly, in six studies, no information was given on the study period.
Definitions of ED and questionnaires
Although various authors refer to the consensus definition of ED -'inability to attain and maintain an erection sufficient for satisfactory sexual activity' 58 -in their reports, only two actually used it in the estimation of prevalence rates. 36 -38 The design of a questionnaire may influence the prevalence rates obtained from it; for example, the ED-rating scale in the Cologne ED Questionnaire consists of five closely related questions; 39 a positive score on one question will almost automatically mean a Prevalence of ED J Prins et al positive score on another question. Moreover, the ED-rating scale included a question on the ability to achieve orgasm; 39 this construction may cause a significant overestimation of the prevalence of ED.
The use of a urological clinic sample for the calibration study in the MMAS has led to an overestimation of the prevalence of ED, which was described in a later paper on this study. 12 In the longitudinal part of the MMAS, a single question on ED was added to the questionnaire, resulting in lower prevalences, especially for those of moderate to severe impotence. 12, 13 In 14 studies, a single question was used to obtain information on erectile function; however, none of these questions was formally validated. Recently, two studies showed that a single question on ED could be used in epidemiological surveys, but the precise formulation of such a question was not discussed. 13, 45 Nevertheless, we assume that, when properly specified, the single questions used in other studies provide valid information.
Comparison of prevalence rates
The current review shows that the reported prevalences of ED vary considerably and that there are major methodological differences between studies. Therefore, it is unclear whether these varying prevalences reflect true differences between countries or methodological differences. In our opinion, the large methodological variations, especially the different definitions used, hamper the direct comparison of prevalence rates reported in most studies. Only a few studies can be meaningfully compared.
For example, the similar designs of the OCS and the Japanese study do allow comparisons to be made. 14 -16,31,32 In the reports of the OCS, 14 -16 however, no exact prevalence rates of ED are given, other than the cumulative distribution of the responses to the specific questions, in the combined report of both studies. 32 We derived the prevalences from this latter report: that 44% (109 out of 245) of these men reported to have 'erections none of the time'. 32 Surprisingly, this prevalence is not in accordance with an earlier report from that study in which the authors state that 'the percentage of subjects who were able to have erections a little or none of the time increased . . . to more than a quarter of men aged 70 or older' 14 The studies from Leicestershire (UK) and Krimpen aan den IJssel (The Netherlands) used the same definition and questionnaire (International Continence Society male sex questionnaire). 23, 44 Differences in risk profiles and different perceptions of the problem may both contribute to the dissimilarities in reported prevalence of ED between men aged 60 and over; further studies are needed to explain these differences.
Previously, it was concluded that the considerably lower prevalences in Spain (compared with the MMAS data) might be attributed to differences in perception of ED across different cultures. 45 In our opinion however, these differences are more likely caused by differences in the questions that were used (see Table 3 ).
Several conclusions can be drawn from this systematic review of the literature on the prevalence of erectile dysfunction in the general population. First, the information in many of the reports is insufficient to provide valid data on prevalence rates and can therefore not be generalized or used to draw conclusions from comparisons with other studies. Second, the methods used to obtain information on erectile function vary considerably. Differences in definitions (derived from various questionnaires) are the main hindrance to comparing reported prevalences. Third, in those studies that are similar, specific data on age-specific and severity-specific prevalences of ED are scarce, as is the information on comorbidity in these study populations.
When reporting on prevalences of ED, we stress the importance of describing all information relevant for the interpretation of the data. Future studies should aim to clarify whether reported differences in prevalences are due to methodological differences only, or may be attributed to cultural or other factors. Large international cohort studies appear to have the most appropriate design to address these questions, but re-analysing the raw data from available prevalence studies, as described in this review, may also be appropriate.
